Please amend the application as follows prior to examination on the merits. 



IN THE CLAIMS 

Please cancel claims 1-7 and add the attached new claims 8-14. 
REMARKS 

Prior to a formal examination of the above-identified application, acceptance of the 
new claims and the enclosed substitute specification (under 37 CFR 1.125) is respectfully 
requested. It is believed that the substitute specification and the new claims will facilitate 
processing of the application in accordance with M.P.E.P. 608.01 (q). The substitute 
specification and the new claims are in compliance with 37 CFR 1.52 (a and b) and, while 
making no substantive changes, are submitted to conform this case to the formal 
requirements and long-established formal standards of U.S. Patent Office practice, and to 
provide improved idiom and better grammatical form. 

The enclosed substitute specification is presented herein in both marked-up and 
clean versions. 

STATEMENT 

The undersigned, an agent registered to practice before the Office, hereby states 
that the enclosed substitute specification includes the same changes as are indicated in 
the marked-up copy of the original specification. It does not contain new subject matter. 



Respectfully submitted, 




Craig Halfacher 
Registration No. 54,896 
Continental Teves, Inc. 
One Continental Drive 
Auburn Hills. Ml 48326 
(248) 393-6518 
Agent for Applicants 
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METHOD FOR AUTOMATICALLY DETERMINING THE INSTALLATION POSITIONS OF 
WHEELS IN A MOTOR VEHICLE 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method according to 
the prcamblo of claim 1 for the automatic determination of the 

installation positions of wheels in a motor vehicle . 

[0002] DE 42 05 911 Al discloses a monitoring device for the 
air pressure of tires of vehicle wheels. However, the realization 
presented therein is very sophisticated. An embodiment mentioned 
therein includes an associated receiver on the vehicle for each 
transmitter in the wheel, while another embodiment is based on a 
combined transmitting/ receiving unit in the wheel and one or more 
receiving units on the vehicle. The individual wheels are 
allocated to their installation positions by way of a so-called 
pairing process, which is carried out either manually or 
automatically. In the manual pairing process, an operator 
allocates the wheels to their installation positions. Therefore, 
the manual pairing process is very time-consuming and labor- 
intensive and, in the event of a faulty operation, can cause a 
wrong allocation of the individual wheels to their installation 
positions- The automatic pairing process renders a correct 
allocation of the individual wheels to the installation positions 
possible. However, the technical effort needed is very 
comprehensive and costly as it necessitates additional hardware, 
e.g. several receiving antennas. 

[0003] DE 197 21 480 Al discloses a method for detecting 
pressure loss in the vehicle tire. As the method is based on 
signals being obtained from rotational wheel speeds of several 
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vehicle wheels, it is possible to allocate the wheel with air 
pressure loss to the respective, actually existing mounting 
position. However, the method is inappropriate to determine an 
absolute pressure value of the individual wheels. 

SUMMARY OF THE INVENTION 

[0004] In view of the above, an object of the invention 
involves providing a low-cost method, which furnishes data about 
absolute air pressure values and the mounting positions. 

[0005] This object is achieved by means of the method according 
to claim 1 for the automatic determination of the installation 
position of wheels in a motor vehicle . The method includes- 
receiving tire pressure monitoring system data (TPMS) from a 
direct measure tire pressure monitoring system, receiving 
deflation detection data from an indirect tire pressure monitoring 
system and determining correlation coefficients from the TPMS data 
and the deflation data by means of a correlation function. 

[0006] The correlation coefficients are preferably determined 
from first allocation functions and second allocation function by 
using a correlation function. 

[0007] The first allocation functions are preferably produced 
from the TPMS data describing all possible allocations of the 
identification numbers to the installation positions, and an 
individual characteristic value is allocated to each possible 
allocation. Further, in the preferred embodiment described herein, 
the second allocation functions are produced from the DDS data 
assigning in each case another individual characteristic value to 
each possible installation position of a wheel. Preferably, the 
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first allocation functions are composed of 24 functions F_dmR_j_i 
(j describes an integral index which can assume values between 1 
and 24; i describes a consecutive index), which describe all 
possible allocations of the identification numbers to the 
installation positions in a four-wheel vehicle. In a furthermore 
preferred manner, the second allocation functions in a four-wheel 
vehicle are composed of four functions F_imR_i (i describes 
another consecutive index) , which describe the possible 
installation positions (left front, right front, left rear, right 
rear) - 

[0008] In another preferred embodiment of the current method at 
iGouo , the correlation function comprises an averaging operation 
as a function of time. 

[0009] Preferably, the correlation function is obtained from a 
quotient, from a dividend essentially composed of a multiplication 
of the first allocation functions with the second allocation 
functions, and a divisor essentially composed of a multiplication 
of the squared first allocation functions with the squared second 
allocation functions, 

[0010] In another preferred embodiment, the correlation 
coefficients represent numerical values describing probabilities, 
whether the selected allocation of the identification numbers to 
the installation positions is coincident with the actual 
allocation, while the time averaging operation causes a 
standardization of the numerical values to a range of values, in 
particular to a range between -1 and +1. 

[0011] Advantageously, all calculated correlation coefficients 
are compared with each other, and the correlation coefficient with 
the maximum absolute numerical value irrespective of sign 
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represents the correct allocation of the wheels to the 
installation positions. Subsequently, the identification numbers 
are allocated to the installation positions according to the 
determined allocation. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0012] Further preferred embodiments can be taken from the oub 
clQima and the following description of an embodiment. 

[0013] The method is based on a directiy measuring tire 
pressure monitoring system (TPMS; Tire Pressure Monitoring S^ystem) 
with four transmitting wheel pressure modules and a receiving and 
evaluating device. In this system each wheel is equipped with a 
tire pressure measuring device including a transmitting device 
which transmits TPMS data to the receiving and evaluating device, 
said data being composed for each wheel of a wheel-related 
identification number and the air pressure pertaining to this 
wheel. Since the directly measuring tire pressure monitoring 
system described above, without a pairing process described 
hereinabove or any other allocation process, is not in a position 
to realize an allocation of the wheels to their installation 
positions merely by way of the identification numbers, further 
information is required that allows allocating the wheels to their 
installation positions. This additional information, hereinbelow 
referred to as DDS data, is obtained from an indirectly measuring 
tire pressure monitoring system (DDS; Deflation Detection System) , 
which determines changes in the air pressure from the rotational 
behavior of the individual wheels and is therefore appropriate to 
determine the installation position of a wheel exhibiting pressure 
loss. The directly measuring tire pressure monitoring system 
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transmits the TPMS data to the receiving and evaluating device. 
The indirectly measuring tire pressure monitoring system 
preferably produces reference values being indicative of tire 
pressure loss. The TPMS data is changing during driving, more or 
less constantly, e.g. due to the influence of temperature. DDS 
data is also influenced during driving due to numerous disturbing 
effects such as changing rolling circumferences of the wheel on 
account of wheel load variations, changes in the coefficient of 
friction, load variations, etc. The method of the invention is 
based on the fact that in a case of control the tire pressure 
changes of the TPMS data correlate with the changes of the DDS 
data. 

[0014] According to the method of the invention, two allocation 
functions F_imR (imR refers to the indirectiy measuring tire 
pressure monitoring system) and F_dmR (dmR refers to the directiy 
measuring tire pressure measuring system) , which allow an 
allocation of the wheels to the installation positions by means of 
a correlation method and an evaluating method. 

[0015] The function F_imR_i (i refers to a consecutive index) 
assigns a value to a wheel. As this occurs, 

F_imR_i = 1, if wheel VR (right front) is faster, 

F_imR_i = 2, if wheel VL (left front) is faster, 

F__imR_i = 3, if wheel HL (left rear) is faster, 

F_imR_i = 4, if wheel HR (right rear) is faster. 

[0016] In this arrangement VR means right front, VL means left 
front, HL means left rear, and HR means right rear. 



[0017] Since the directiy measuring tire pressure monitoring 
system transmits only an information about the absolute tire air 
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pressure and the associated identification number ID_x (x refers 
to an integral index from 1 to 4), all possible combinations 
between the installation positions (VR, VL, HR, HL) and the 
identification numbers (ID_1, 1D_2, ID_3, ID_4) must be tested. 
[00] 24 different combinations result in a four-wheel vehicle. 
These 24 functions F_dmR_j_i (j describes an integral index that 
can adopt values between 1 and 24; i describes a consecutive 
index) are calculated in the following. The first function 
F_dmR_l_i e.g. corresponds to the possible allocation_|_ 

VR = ID_1, VL = ID_2, HL = ID_3, HR = ID_4. 

[0018] From this results the following allocation of values for 
the function F_dmR_l_ij_ 

F_dmR_l_i = 1, if the wheel with ID_1 has the higher 
rate of pressure reduction, 

F_dmR_l_i = 2, if the wheel with ID_2 has the higher 
rate of pressure reduction, 

F_dmR_l_i = 3, if the wheel with ID_3 has the higher 
rate of pressure reduction, and 

F_dmR__l_i = 4, if the wheel with ID_4 has the higher 
rate of pressure reduction. 

[0019] The second function F_dmR_2_i e.g. corresponds to the 
possible allocation VR = ID_2, VL = ID_3, HL = ID_4, HR = ID_1, 

[0020] The following allocation of values results from this for 
the function F_dmR_2_i : 

F_dmR_2_i = 1, if the wheel with ID_2 has the higher 
rate of pressure reduction, 
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F_dmR_2_i = 2, if the wheel with ID_3 has the higher 
rate of pressure reduction, 

F_dmR_2_i = 3, if the wheel with ID_4 has the higher 
rate of pressure reduction, and 

F_dmR_2_i = 4, if the wheel with ID_1 has the higher 
rate of pressure reduction. 

[0021] Corresponding values are allocated to the functions 
F_dmR_3_i to F_dmR_24_i. 

[0022] The 24 correlation coefficients Korr_j (j describes an 
integral index, which can adopt values between 1 und 24) are 
determined according to the equation 
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N indicates the number of measurements, 

[0023] The correlation coefficients Korr_j are in the range -1 
< Korr_j < +1. The function F_dmR_j_i, having a correlation 
coefficient Korr__j whose absolute value irrespective of sign is 
considerably higher than all other correlation coefficients 
Korr_j, describes with a high rate of probability the correct 
allocation of the identification numbers (ID__1, ID_2, ID_3, ID_4) 
to their installation positions (VL, VR, HL, HR) . 

[0024] The allocation of the function F_dmR_l_i with VR = ID_1, 
VL = ID_2, HL = ID_3, HR = ID_4 e.g. describes the correct 
allocation. This means that the correlation coefficient Korr_l has 
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a considerably higher absolute value irrespective of sign than th^ 
other calculated correlation coefficients. 
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Patent Claims: 

1. A method for the automatic determination of the installation 
positions of wheels in a motor vehicle, with the motor 
vehicle including a directly measuring tire pressure 
monitoring system comprising wheel-individual tire pressure 
measuring devices and transmitting devices for the transfer 
of TPMS data containing the tire air pressure values and 
identification numbers of the individual wheels to a 
receiving and evaluating device installed in or on the 
vehicle, as well as an indirectly measuring tire pressure 
monitoring system determining DDS data from the rotational 
behavior of the individual wheels, said data containing 
pressure changes and installation positions, 

characterized in that correlation coefficients 
are determined from the TPMS data and the DDS data by means 
of a correlation function. 

2. The method as claimed in claim 1, 
characterized in that the correlation 
coefficients are determined from first allocation functions 
and second allocation functions by using the correlation 
function. 

3. The method as claimed in claim 1 or 2, 
characterized in that the first allocation 
functions describing all possible allocations of the 
identification numbers to the installation positions are 
produced from the TPMS data, and an individual characteristic 
value is allocated to each possible allocation, and in that 
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the second allocation functions are produced from the DDS 
data and assign in each case another individual 
characteristic value to each possible installation position 
of a wheel. 

4. The method as claimed in at least any one of claims 1 to 3, 
characterized in that the correlation function 
comprises an averaging operation as a function of time. 

5. The method as claimed in at least any one of claims 1 to 4, 
characterized in that the correlation function 
is obtained from a quotient, from a dividend essentially 
composed of a multiplication of the first allocation 
functions with the second allocation functions, and a divisor 
essentially composed of a multiplication of the squared first 
allocation functions with the squared second allocation 
functions . 

6. The method as claimed in at least any one of claims 1 to 5, 
characterized in that the correlation 
coefficients represent numerical values describing 
probabilities, whether the selected allocation of the 
identification numbers to the installation positions is 
coincident with the actual allocation, while the time 
averaging operation causes a standardization of the numerical 
values to a range of values, in particular to a range between 
-1 and +1. 

7. The method as claimed in claim 6, 
characterized in that all calculated 
correlation coefficients are compared with each other, and 
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the correlation coefficient with the maximum absolute 

numerical value irrespective of sign represents the correct 
allocation of the wheels to the installation positions, and 
in that the identification numbers are allocated to the 
installation positions according to the determined 
allocation . 
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Abstract : 

Method for Automatically Determining the Installation Positions of 
Wheels in a Motor Vehicle 

The invention present device relates to a method for automatically 
determining the installation positions of wheels in a motor 
vehicle ^^ with the The motor vehicle including q directly 
mcQouring has a direct measure tire pressure monitoring system 
comprioing wheel - individual includes individual wheel tire 
pressure measuring devices and transmitting devices for the 
transfer of TPMS data containing tire air pressure values and 
identification numbers of the individual wheels to a receiving and 
evaluating device installed in or on the vehicle_^ -, — qd well ao an 
indirectly mcaouring The motor vehicle also includes an indirect 
measuring tire pressure monitoring system determining DDS data 
containing air pressure changes and installation positions from 
the rotational behavior of the individual wheels^ 7 — wherein The 
method includes determining correlation coefficients arc 
determined from the TPMS data and the DDS data by mcano of using a 
correlation function. 
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